Noradrenergic regulation of parvocellular neurons in the rat hypothalamic paraventricular nucleus.
Noradrenergic projections to the hypothalamic paraventricular nucleus have been implicated in the secretory regulation of several anterior pituitary hormones, including adrenocorticotropin, thyroid-stimulating hormone, growth hormone and prolactin. In an attempt to elucidate the effects of norepinephrine on the central control of pituitary hormone secretion, we looked at the actions of norepinephrine on the electrical properties of putative parvocellular neurons of the paraventricular nucleus using whole-cell current-clamp recordings in hypothalamic slices. About half (51%) of the putative parvocellular neurons recorded responded to norepinephrine with either a synaptic excitation or a direct inhibition. Norepinephrine (30-300microM) caused a marked increase in the frequency of excitatory postsynaptic potentials in about 36% of the parvocellular neurons recorded. The increase in excitatory postsynaptic potentials was blocked by prazosin (10microM), but not by propranolol (10microM) or timolol (20microM), indicating that it was mediated by alpha(1)-adrenoreceptor activation. It was also blocked by ionotropic glutamate receptor antagonists, suggesting that the excitatory postsynaptic potentials were caused by glutamate release. The increase in excitatory postsynaptic potentials was completely abolished by tetrodotoxin, indicating the spike dependence of the norepinephrine-induced glutamate release. In a separate group comprising 14% of the parvocellular neurons recorded, norepinephrine elicited a hyperpolarization (6.2+/-0.69mV) that was blocked by the beta-adrenoreceptor antagonists, propranolol (10microM) and timolol (20microM), but not by the alpha(1)-receptor antagonist, prazosin (10microM). This response was not blocked by tetrodotoxin (1.5-3microM), suggesting that it was caused by a direct postsynaptic action of norepinephrine. The topographic distribution within the paraventricular nucleus of the norepinephrine-responsive and non-responsive parvocellular neurons was mapped based on intracellular biocytin labeling and neurophysin immunohistochemistry. These data indicate that one parvocellular subpopulation, consisting of about 36% of the paraventricular parvocellular neurons, receives an excitatory input from norepinephrine-sensitive local glutamatergic interneurons, while a second, separate subpopulation, representing about 14% of the parvocellular neurons in the paraventricular nucleus, responds directly to norepinephrine with a beta-adrenoreceptor-mediated inhibition. This suggests that excitatory inputs to parvocellular neurons of the paraventricular nucleus are mediated mainly by an intrahypothalamic glutamatergic relay, and that only a relatively small subset of paraventricular parvocellular neurons receives direct noradrenergic inputs, which are primarily inhibitory.